We report the formation of nanoscale particles born out of complexation reaction between zinc acetate and ascorbic acid under ambient conditions and in the aqueous medium.
Introduction:
Progresses in nanoscale science and technology have continuously been supplemented by discoveries of new species with extraordinary properties. [1] [2] [3] [4] [5] [6] Amongst them, colloidal gold (Au) has been known since antiquity; however, its optical properties have been explained based on light scattering about a hundred years back. On the other hand, its dimensiondependent properties at the nanoscale have been realized recently through the syntheses of well -defined structures. 7 The knowledge has helped reveal the potentials of nanoscale Au particles in fields as diverse as catalysis, 8 healthcare 9,10 and optoelectronics. 11 In that respect, colloidal semiconductor quantum dots (Qdots) and their counterparts fabricated using topdown approaches have generated much excitement in wide range of fields as mentioned above, leading to commercialization of display devices. 12, 13 Additionally, iron oxide nanoparticles are well-known for their superparamagnetism properties at the nanoscale dimensions. 14, 15 Similarly, allotropes of carbon such as C60, 16 carbon nanotube 17 and graphene 18 have received great attention as new materials of choice for their potential applications. The realization of two-dimensional (2D) graphene has helped expand the repertoire in terms of new materials such as silicene, germanene and 2D MoS2. 19, 20 On the other hand, synthetic chemistry repertoire has been helpful in expanding the reach of the nanoscale materials. For example, perovskite nanostructures, carbon nanodots and nanoscale metal organic and similar frameworks have given rise to a plethora of application potentials especially applicable in the fields of healthcare, energy and the environment. [21] [22] [23] the nanoparticulate form. Moreover, colloidal nanoscale particles of zwitterionic molecules have been synthesised via reprecipitation method assisted by polyelectrolytes. 31, 32 In addition, molecules exhibiting aggregation induced emission can be tailored to synthesize such nanoscale particles for imaging probe and other optoelectronic applications. 33, 34 The proposition that molecular nanotechnology could revolutionize the bottom-up approaches in the manufacturing of advanced materials and devices needs novel strategies not only in bond making and breaking but also in interactions between chemical bonds that will help design objects at the highest resolution. In this regard, the developments of important structures such as rotaxane and catenane have given rise to the excitement of building machines and their components with the precision at the scale of a molecular bond. 35, 36 However, whether such a principle could lead to viable devices is still an open question, Herein we report, the unprecedented emergence of photoluminescence of nanoscale assembly of metal complexes when the reaction was carried out in an aqueous medium. Thus chemical reactions -under ambient conditions -involving ascorbic acid and zinc acetate in the aqueous medium led to the formation of Zn3(AA)(OAc)2 complex; AA is ascorbate. The so-formed complex resulted in the formation of nanoscale particles with time, having strong luminescence in the blue region of wavelengths. The formation of the complex was ascertained by mass spectrometric and NMR spectroscopic analyses. The formation of the nanoscale particles was confirmed by transmission electron microscopy. Such analysis also revealed the polycrystalline nature of the particles formed in the dispersion medium.
Interestingly, the luminescence was observed to be dependent on excitation wavelength similar to the observations in carbon dots. 
Instruments:
Fluorescence emission and excitation spectra of all samples were acquired using HORIBAFluoromax 4 spectrophotometer. UV-Vis spectra were recorded using Perkin-Elmer Lambda 750 spectrophotometer. The Edinburg Life-Spec-II spectrophotometer (Laser source 375 nm) was used for measurement of luminescence lifetimes. TEM (transmission electron microscope) images, HRTEM (high resolution transmission electron microscope) images and SAED (selected area electron diffraction) patterns were acquired using JEOL-JEM 2100 transmission electron microscope. Proton (H 1 ) and carbon (C 13 ) NMR (nuclear magnetic resonance) spectra were obtained using 600 MHz Bruker ASCEND 600 nuclear magnetic resonance spectrometer. Electrospray ionization (ESI) mass spectrometric analyses were performed using Agilent Accurate Mass (LC/MS Q-TOF 6520) spectrometer in ESI positive mode. 
Synthesis of

Photoluminescence and UV-vis absorbance study:
2.0 mL of aliquot of the resultant dispersion containing mixture of zinc acetate and ascorbic acid was taken in a quartz fluorescence cuvette. At intervals of 10 min, the photoluminescence and UV-vis absorption spectra were acquired.
TEM sample preparation:
10.0 µL of the dispersion containing mixture of zinc acetate and ascorbic acid was diluted with 70 µL Milli-Q water. 7.0 µL of the resultant dispersion was drop cast on Formvarcarbon coated copper TEM grid and was allowed to dry overnight.
Sample preparation for NMR analysis:
In order to obtain the NMR spectra of the resultant product formed out of reaction between zinc acetate and ascorbic acid, requisite amounts of zinc acetate and ascorbic acid (as that in H2O) were mixed in D2O. The NMR spectra of 2.0 mL of the so obtained dispersions were acquired at various intervals of time.
Purification of the luminescent product of reaction between ascorbic acid and zinc acetate dihydrate:
The luminescent dispersion of the product of reaction between ascorbic acid and zinc acetate dihydrate was centrifuged at 24000 rpm at 10 °C for 15 min. The so obtained pellet was redispersed in water or other solvent and was used for further experiments.
Sample preparation for ESI-Mass spectrometric analysis:
The purified luminescent product was dissolved in methanol (HPLC grade) and mass spectra of the samples were acquired in ESI positive mode.
Simulation of mass spectra:
Mass spectra simulation was performed using mMass software.
Results and discussion:
Addition of zinc acetate to an aqueous solution of ascorbic acid led to formation of a colorless dispersion. Initially, the absorbance spectrum of the dispersion did not consist of any discernible peak in the range of spectral acquisition (325 nm to 450 nm). However, with time, the UV-vis absorbance of the reaction mixture increased with the emergence of a peak In the next step, the photoluminescence emission and excitation spectra of the dispersion containing ascorbic acid and zinc acetate dihydrate were recorded. Interestingly, it was observed that the emergence of the absorbance peak of the reaction mixture at 380 nm Further, to a mixture of zinc chloride and ascorbic acid, which apparently had weak luminescence, sodium acetate was added. Intriguingly, upon addition of sodium acetate the mixture exhibited significant enhancement in luminescence (as were evident from the emission and excitation spectra) with concomitant bathochromic shift in the emission spectrum, akin to that of the dispersion of zinc acetate and ascorbic acid ( Figure S7 ). Thus, the notable enhancement in the emission intensity of the reaction system comprising of zinc acetate and ascorbic acid with associated red shift, indicated possible formation of species involving zinc, acetate and ascorbate ions. Next, we were interested in identifying the chemical composition of the luminescent nanoparticulate species. In this regard, firstly, mass spectrometric analysis of the luminescent dispersion was pursued. As is evident from Figure 4 A-B, a peak at 510.8177, corresponding to the presence of Zn3(AA)(OAc)2, was observed. The experimental mass spectra (isotopic abundance ratio) of the luminescent samples were found to be in agreement with the simulated mass spectra of Zn3(AA)(OAc)2 + Na + (Figure 4 A-B) . Interestingly, the mass corresponding to the presence of Zn3(AA)(OAc)2 was calculated to be 510.8147 which was in perfect agreement with the observed mass of 510.8177. Further, additional mases, consistent with the proposed structure of Znx(AA)y(OAc)z were also obtained ( Figure S8 ). Also, the various observed and simulated masses of Znx(AA)y(OAc)z have been given in the SI, in tabulated form (Table S1 ). The observed masses are consistent with the proposed structure. (Table S2 ). Moreover, Fourier transformed infrared (FTIR) spectroscopic analysis was performed to gain an insight into the plausible modes of bonding amongt zinc, acetate and ascorbate ions ( Figure S10 ). In the FTIR spectrum of Zn3(AA)(OAc)2; the peak due to C=C stretching frequency was observed at 1603 cm -1 . Whereas, in case of ascorbic acid the C=C stretching frequency was observed at 1664 cm -1 . This could be due to the complexation of ascorbate with zinc. Notably, the peak due to C=O in ascorbic acid was found to be absent in the FTIR spectrum of Zn3(AA)(OAc)2, thereby indicating possible role of the carbonyl oxygen in hydrogen bonding leading to association of ascorbate moieties resulting in the formation of nanoparticles. Also, the peak due to CH2 in the FTIR spectrum of ascorbic acid (1440 cm -1 ) was observed to have undergone a shift of 56 cm -1 (to 1384 cm -1 ) upon formation of Zn3(AA)(OAc)2. Importantly, the discrete peaks due to OH groups in ascorbic acid were found to have been altered into a broad peak at 3424 cm -1 in the FTIR spectrum of Zn3(AA)(OAc)2 nanoparticles. This indicated possible coordination between zinc ions and the OH groups of ascorbic acid, leading to formation of nanoparticles.
Interestingly, the so formed nanoparticulate zinc complex of ascorbate and acetate, were found to exhibit excitation tuneable emission. As shown in Figure 4 , upon gradually tuning of the excitation wavelength from 365 to 400 nm, the emission maximum of the luminescent product (dispersion prepared following centrifugation and washing) shifted from 449 nm to 470 nm. Notably, such excitation tuneable emissions have been reported for carbon dots, which have been explained based on the formation of surface defect states. On the other hand, nanoparticulate nature of the product may give rise to emission based on quantum confinement as in the case of quantum dots. This is further supported by the distribution of particle sizes as observed in the TEM images. Now it may be argued here that the origin of luminescence in the nanoparticulate species could be due to "aggregation induced emission" (AIE) of ascorbic acid. In order to probe this possibility, the emission spectra of the luminescent dispersion were acquired following serial dilutions. The results are reported in Figure S10 . Thus, following sequential dilution, no significant change in the position of emission maximum was observed. Only, the luminescence intensity of the dispersion was observed to have decreased following dilution of the luminescent dispersion ( Figure S11 ). In case of molecules leading to AIE, generally, the peak due to AIE is reported to disappear upon dilution. However, in the current study, no such alteration in the luminescence spectra of the species could be observed. Thus the emission characteristics observed herein were possibly due to the nanoscale particles of the complex formed out of Zn 2+ , acetate and ascorbate ions. That the nanoscale particles of such complex can lead to extraordinary emission -and the excitation wavelength tuneability of that -could also hold a clue to the emission characteristics of carbon dots. 
Conclusion:
In summary, we have developed a new luminescent nanoparticulate system comprising of 
